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MSFC has i n d i c a t e d  a requirement  f o r  a 6000  pound 
v a u l t  on t h e  SWS t o  p r o t e c t  exper imenta l  f i l m  from harmful  
r a d i a t i o n  du r ing  t h e  eight-month miss ion  of AAP-1.  A q u e s t i o n  
concerning t h e  c a p a b i i i t y  of two CiviG’s to control iiie C l u s t e r  
i n  t h e  s o l a r - i n e r t i a l  mode w i t h  such an  a d d i t i o n  w a s  r a i s e d .  
This  q u e s t i o n  w a s  addressed a t  t h e  ML Review on September f o u r t h :  
viewgraphs used i n  t h e  p r e s e n t a t i o n  a r e  a t t a c h e d .  

The CMG momentum s t o r a g e  requirement  i n  t h e  s o l a r  
i n e r p i a l  mode i s  due p r i m a r i l y  t o  t h e  c y c l i c  component of g r a v i t y -  
g r a d i e n t  to rque .  This  c y c l i c  component ( v e c t o r )  i s  always 
directed normal t o  t h e  o r b i t a l  p l a n e ,  and i t s  magnitude i s  
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  between t h e  maximum 
and minimum v e h i c l e  i n e r t i a s  about  v e h i c l e  axes  t h a t  l i e  i n  
t h e  o r b i t a l  p lane .  I t  i s  t h e r e f o r e  h i g h e s t  ( a t  a g iven  o r b i t a l  
p o s i t i o n )  when t h e  v e h i c l e  p r i n c i p a l  axes  of  maximum and m i n i m u m  
moments of i n e r t i a s  l i e  i n  t h e  o r b i t a l  p l ane .  I n  F igu re  2 ,  it 
i s  shown t h a t  t h e  CMG momentum s t o r a g e  requirement  due t o  t h e  
c y c l i c  g r a v i t y - g r a d i e n t  to rque  i s  t h e  i n t e g r a l  of t h e  to rque  
Gver t h e  t i m e  t o  conp le t e  one q u a r t e r  e f  t h e  e r h i t ,  and t h e  
worst-case momentum s t o r a g e  requirement i s  a l s o  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  between t h e  maximum and minimum 
p r i n c i p a l  moments of i n e r t i a .  

I n i t i a l l y ,  MSFC mass-proper t ies  d a t a  was used as a 
base  f o r  determining i n e r t i a  d i f f e r e n c e s .  However, it was no ted ,  
t h a t  t h e  MSFC d a t a  inc luded  a 3 4 , 0 0 0  pound CSM when t h e  CSM 
weight  r e p o r t e d  by MSC i s  28,555 pounds. The re fo re ,  modified 
mass-proper t ies  d a t a ,  c o r r e c t e d  f o r  t h e  l i g h t e r  CSM, w a s  used 
as a second d a t a  base .  The f i l m  v a u l t  was p o s i t i o n e d  a t  1 2  
d i f f e r e n t  l o c a t i o n s  i n  t h e  SWS, and l i s t e d  i n  F igure  3 a r e  t h e  
i n e r t i a  d i f f e r e n c e s  f o r  t h e  two d a t a  bases, and f o r  t h e s e  p l u s  
a 6000  pound f i l m  v a u l t  i n  t h e  l o c a t i o n s  t h a t  g i v e  t h e  l eas t  
and t h e  g r e a t e s t  i n c r e a s e s  i n  t h e  d i f f e r e n c e s .  

I n  F igure  4 ,  t h e  l i n e a r  r e l a t i o n s h i p  between t h e  
momentum s t o r a g e  requirement  and t h e  i n e r t i a  d i f f e r e n c e  i s  
p l o t t e d  and t h e  d a t a  p o i n t s  from Figure  3 a r e  noted .  A l l  c a ses  
are s e e n  t o  be w i t h i n  t h e  c a p a b i l i t y  of t w o  C M G ’ s .  When t h e  
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requirement  is  i n c r e a s e d  t o  account  f o r  aerodynamic t o r q u e  
and b i a s  momentum accumulat ion,  and t h e  8000  f t .  l b .  sec. 
c a p a b i l i t y  i s  reduced t o  account f o r  t h e  p o s s i b i l i t y  of 
encounter ing  CMG gimbal s t o p s ,  t h e  2-CMG c o n t r o l  margin (wi th  
t h e  heavy CSM and wors t  case v a u l t )  i s  approximately 1 8 % .  
Th i s  i s  n o t  cons idered  a b i g  margin a t  t h i s  p o i n t  i n  t h e  SWS 
program, and it i s  t h e r e f o r e  concluded t h a t  g r e a t e r  a t t e n t i o n  
must be p a i d  t o  growth i n  v e h i c l e  i n e r t i a s  as t h e  program 
evolves .  I t  i s  a l s o  noted t h a t  t h e  e f f e c t  of a d d i t i o n s  on 
t h e  c o n t r o l  requirement  can be minimized by l o c a t i n g  t h e  
a d d i t i o n  c l o s e  t o  t h e  v e h i c l e  c e n t e r  of g r a v i t y .  

1022-WWH-mef W. W. Hough ' 
Attachments 



h 

t3 
0 

2 
I- 
C L  
w 
0 x 
W 

u, 
W 

Y 

W 
3 
(3 ce 
0 
I- 

I 
W 
m 
W 

I I - I  
s 
c3 - 

s cn 
0 

W 

3 + 
n a I- - 

c3 

0 
2 

z 
W 

I- = 
W 
7 - 

(2 
7 
W 

W 
LL 
LL 

;; 
W 
u, 

- 
I= a 
W 
J 
0 

0 
E 
I- 
7 
0 
0 
> 

0 

I- 
LL 
0 

s m 
J 

LI 
0 

tz - 
n n 

N > 
7 

W 

2 
a 

s 
3 

u, 
I- 
7 

0 
9 
z 

I 
> W 

0 
7 
W 
CY 

0 
0 El u, 

W 
0 
I- s 

s 
n 
a 

- 
3 

z 

> 
I- 

0 
CL 

0 

- 
a 
a 

ni a a - 
L 2 

Y 
7 
0 

I- = 
W 
7 

E 
I- 

E 

- 
m 

a 

LLI 
LI 
LL - 
n 
a - 
I- 
CY 
W 
7 

u, 
L i  

- 

2 
W 
fY 
0 
7 

I- 
J 
3 

> 

- 

a 

II 

c1s 
P 5 

a 3 > 

+ I- = 
0 a. 

0 nf t W 
c3 a 

W > 7 - W 
n W z 

0 
0 e 
CL 

z 
J 

c3 W 
0 
7 
m a 

0 s I 
5 

s 

m 

2 a 
LL 

J 

LL 
- 
J 

a 
7 a 

LL 
0 u, > 

F 
0 
W nf - 
n 
u, 

n 
W 
I- 
VI 
J 

I/) 
W 

- Z 
3 
I- 
7 
W 

0 
r 
Z 

5 a a 
a - 
I- = 
W 
7 - 

o 
W 
u, 

J 
m 

tr 

3 
I- 

3 
W 
W 
c1L 

> 
c3 
- n 3 

(3 
W 

W 
t3 a 

0 
7 

Id z 0 z 
W 
fY 
W 
LL 
LL - 
n 

fx 
0 z s 

W 
c3 

cz a e 
u, 

W 
3 
CY 

e 

0 s 
W 

J 
W 

> 

s 

W 
E 

J 
0 
m 

a 
VI 
7 
0 

of a. 

7 
n 
a 

0 
0 
8 

7 
W 
W 

I- 
s 

7 
0 c3 a 

e 
cn 
hL 
w a. 
0 

a 
z - 

I- 

u, 
0 
CL 

- - 
x a 
Z 
0 

z 
J 

LL 
- 
0 

0 
I- 
o 

s 
II z 

3 
I- 
7 
W 

0 
z 
s 

7 
0 

VI 
0 

L 

0 0 0 0 

n 
n a 



t 

U 

* 
3 
cv 
7 
u, 
- 

I 

x a 
5 

cu 

M 3 IN 
II 

t- c 

+ n 
I- 

+ 
II 

I 

3 
cv - 

II 

x a zi 

0 
I- 



7 
N- - t: 

I c3 
3 

d d 
0 E 0 

m 
N 

a 
N 

d 

0.- 

m- 

cv 
M 
N 

m 
M 
4- 

M- 

m 
b 
00 
di 
a 
M 
M- 

0- a 
0 

s- 
0 x a  a E  

E 

v, 
W 
0 
7 
W 
ni 
W 
L 
u, - 
n 
a - 
I- 
ni 
W 
7 - 

M 

a 0 In 
4 

0 m 
4 

0 m 
d 

Ni s a- cui s M 
d 

3 
W nf 
0 

zi 
J 

s 
J N + - 
U 

m 
J 

- 
U 

m 
a 
n s 7 

0 

A z 
m 

Ln * 
J 

> 
I ni a 

o a  3 X  
v, 
3 
J n 

v, 
3 
J 
CL 

v, 
3 

d >  a > 



v) 

I - Ln 

s 
0 
M 
I 

0 
0 
0 
Ni 
M 

0 
0 
0 
00" 

0 
0 
0 
us 

0 
0 
0 
d 

0 

d 

N 

0 
0 
0 
cv" 

0 



m z 
0 - 
m 
3 
J 
0 z 
0 
0 

m w 
0 z >  
W M  

W 
E a 
n 
W 
N 
). 

z 
J a 
a 
v, 
W 

2 

< 
0 
A 

-a 

0 0 0  0 



A 

1 ,BELLCOMM, I N C .  

Sub jec t :The  E f f e c t  of Addit ion of From: W. W.  Hough 
an Experimental Film V a u l t  
on cluster I n e r t i a l  P r o p e r t i e s  
and CMG Con t ro l  Capab i l i t y  
Case 6 2 0  

D i s t r i b u t i o n  L i s t  

NASA Headquarters  

Messrs. H.  
P .  
J. 
W. 
L. 
J. 
T.  
M. 
W. 

Bellcomm 

Cohen/MLR 
E. Culbertson/MLA 
H.  Disher/MLD 
B. Evans/MLO 
K. Fero/MLV 
P. F i e l d ,  Jr . /MLP 
A .  Keegan/MA-2 
Savage/MLT 
C .  Schneider/ML 

Messrs. A .  P. Boysen 
D. R. E a f l n ~ r  '3"UA 

W .  G .  Heffron 
B. T. Howard 
J. 2. Menard 
J. M .  Nervik 
I. M. R o s s  
J. W. Timko 
R. L. Wagner 
M. P. Wilson 

Depar tments  2031, 2034 Superv is ion  
Department 1 0 2 4  F i l e  
Divis ion 1 0 2  
C e n t r a l  F i l e  
L i b r a r y  


